where significantly correlated (p < 1.0e-16), suggesting that the higher numbers of B cells 2 7 2 or plasma cells in a given tissue, higher CSRnc transcription. However, we have noticed 2 7 3 that for most classes, a fraction of samples deviates from the expected orthogonal 2 7 4 correlation, indicating higher CSRnc transcription relative to the C H transcript. This is 2 7 5 particularly notable for I μ , but also, I γ1 , I γ4 and I α2 (Additional file 1: Figure S7 ). Iμ transcription occurs in early lymphoid progenitors and I γ4 is widely 2 7 7 expressed in non-lymphoid fetal tissues: CSRnc transcription was addressed in early 2 7 8 lymphoid development using data from study SRP058719, which addresses transcription in 2 7 9 early lymphoid differentiation prior to and after B and T cell lineage commitment using CSRnc expression was analyzed in fetal tissue by using project SRP055513 data, 2 8 7 which reported an extensive RNA-seq analysis in twenty fetal tissues during gestational 2 8 8 weeks 9-22 [31] . Remarkably, a robust I γ4 expression was detected in all fetal tissues tested, 2 8 9 regardless of the gestational week and in the absence of additional I H and coding C H 2 9 0 transcription (Figure 7) . Higher average I γ4 expression is in spleen, followed by lung and 2 9 1 liver. The latter has lympho-hematopoietic function in the fetal stage. In contrast with their 2 9 2 adult counterparts, I γ4 was highly transcribed (Z-score > 0.8) in kidney, brain and muscle. CSRnc transcription in cancer varies according to cancer type and is likely to depend 2 9 4 on the degree of B cell tumor infiltration: The TCGA project data was used as a 2 9 5 reference to study CSRnc transcription in a wide variety of human cancers. As for GTEx, 2 9 6
CSRnc transcription (I H average log 2 RPKM distribution) was analyzed across 33 cancer myeloid leukemia (AML) were the highest. In general, CSRnc transcription in neoplastic 2 9 9 tissue mimicked its non-neoplastic counterparts, being high in lung, stomach, and testicular average CSRnc transcription is lower than in healthy tissue, such as in DLBCL, prostate, 3 0 5 thyroid, liver and colon cancer (Figure 9 A-E). 2) Tumors where average CSRnc 3 0 6 transcription was higher than its healthy tissue counterpart, such as breast, rectum, neoplastic counterpart, such as stomach and esophagus (Additional file 1: Figure S10 ). adrenal gland, a similar pattern was observed, with lower CSRnc transcription in 3 1 4 adrenocortical carcinoma, but not pheochromocytoma (Additional file 1: Figure S10 ).
1 5
The correlation between CSRnc and C H transcription (Additional file 1: Figure S7 ) 3 1 6 suggests that as for healthy tissues, CSRnc transcription derives from tertiary lymphoid 3 1 7
infiltrates resulting from tumor-associated inflammation and the corresponding mucosal representative tumor derived cell lines tested (i.e., lung cancer A549 cells, breast cancer 3 2 1 MCF-7 cells, and colon cancer HCT116 cells), were depleted in samples expressing CSRnc approach, CSRnc transcription in cancer cells in situ cannot be ruled out. was due to increased expression, rather than for the inherent enrichment observed in blood (Additional file 2: Table S3 ). The SRA dataset also showed enrichment for autoimmune disease terms such as Table S3 ). However, a study comparing the ileal Table S3 ). We performed an integral, systematic analysis of human CSRnc transcription using 3 6 0 an experimental approach and datamining of a large and diverse public RNA-seq dataset The present study has certain limitations. CSRnc transcription is required for CSR, 3 6 7 however it does not prove that CSR is actively taking place. Among the most determinant Figure S7 ). We propose that the higher non-coding/coding Z-score ratio indicates a higher should dilute the amount of circle templates in a greater extent than non-dividing B cells. identified, which overlaps with a previously described repeat Σ μ region, downstream of an non-homologous recombination using σδ as acceptor switch region [43, 45] , in an AID-3 8 5 dependent fashion [44] . Here, we demonstrate that I δ (Σμ) can be actively transcribed 3 8 6 ( Figure 1B) . Nonetheless, I δ as an acceptor I-exon does not fit into the general model of An important motivation for this work was the identification of early transcriptional 3 9 0 signatures in blood that correlated with the strength and quality of the humoral response, transcription may not be the result of plasmablast mobilization to peripheral blood. Moreover, we observed increased I γ1 and I α1 transcription in natural H7N9 infection, but 3 9 6 not upon influenza vaccination (Figure 2 , Additional file 2: Table S3 ), or in rotavirus infection (Additional file 2: Table S3 ). The differential response observed upon influenza Although I H transcription is highly inducible upon activation (Figure 2A-D acceptor class [47] . E μ participates in chromatin remodeling of the IgH locus during lineage 4 0 7 commitment and VDJ recombination [48, 49] , and its deletion impairs B cell development, We identified distinctive CSRnc transcriptional patterns related to known The expression of I γ1 and I γ4 transcriptional signature in testis and thyroid is unexpected, Furthermore, I γ4 transcription in different fetal tissues suggests that its transcription is not 4 2 5
limited to lymphoid tissue, may be a common feature of multipotency and is not necessarily A major goal of the GTEx project was to identify the role of genetic variation in presumably involved in CSR that affect immunoglobulin levels [55] . Their implication in 4 3 6
modifying CSRnc transcription warrants further investigation. The study of CSRnc transcription in cancer is of particular interest for several antigens to T cells and T reg balance. However, antibody-mediated anti-tumor activity can be We have found that average I H expression in certain tumors analyzed in the TCGA infiltrating and ELS B cells, rather than the tumor cells per se (Additional file 2: Table   4 5 4 S2). Thus, differences in I H transcription in cancer may be the result of immune editing 4 5 5
[62], which may alter the amount and activation state of the infiltrating and ELS B cells. limiting inter-study comparisons. Nevertheless, we were able to identify a I μ -I δ - (Figures 4-6) , and its exacerbation due to increased tissue B cell infiltration in transcription between healthy and tumor tissue were also found, likely as a result of 4 9 2 immune editing. A novel transcribed element within the IGHM-IGHD intron termed I δ was 4 9 3 discovered and highly expressed in ileal mucosae of pediatric Crohn' s disease patients.
9 4
Overall, this study highlights the importance of open access data for discovery and 4 9 5 generation of novel hypothesis amenable for direct testing, and is a great example of the 4 9 6 potential of the recount2 dataset to further our understanding of transcription, including 4 9 7 regions outside the known transcriptome. PBMCs were isolated according to the manufacturer's instructions, aliquoted and stored at - 1%, sodium azide 0.05% and 2% FBS), cells were incubated for 30 min at 4 ºC with the 5 1 5 following antibody cocktail: anti-CD3 PerCP/Cy5.5 (clone SKY; Biolegend; 344808), anti- Biolegend; 980302). Flow cytometry analysis was performed in a FACS Aria II (BD Biosciences, San Jose, CA, USA). Doublets and CD3+ events were gated out. Plasmablasts were defined as CD3 -/CD19 + /CD20 -/CD27+/CD38 + . 500-1000 plasmablasts were acquired 5 2 1 per sample. Analysis was performed using Flowjo software (TreeStar). Isolation Kit II (MACS, Miltenyi). 1x10 6 B cells were seeded per well on 6-well plate 5 2 5 incubated in RPMI medium supplemented with 10% FBS, streptomycin and penicillin at 5 2 6 37°C with 5% CO 2 . Two activation conditions were stablished at different time points (3 probes used to quantify the CSRnc transcripts are detailed in Table 3 . Amplification of 5 3 7
HPRT with PrimeTime® Predesigned qPCR Assays was performed as the reference gene. The fold difference was calculated using 2ΔΔCT, using resting enriched B cells as GTEx follow a homogeneous ontology categorization, metadata associated to SRA projects 5 7 1 is widely heterogeneous and commonly insufficient. To obtain a more homogenous 5 7 2 categorization of nearly half of our dataset, we used disease [33] annotations retrieved from 5 7 3
MetaSRA, version 1-2 [74].
7 4
Enrichment test: To define CSRnc transcription profile variation in healthy tissue (GTEx 5 7 5 dataset), we performed tissue sample enrichment analysis according to Z-cluster using a 5 7 6 two sided Fisher's Exact Test. The H 0 is that there is no difference in the probability 5 7 7 distribution between Z clusters and tissue. A 2 x 2 contingency table was built for each tissue between the number of samples belonging to a given Z cluster and the remaining samples not belonging to that cluster. A two-sided Fisher's test was performed with the R 5 8 0 function fisher.test (c, alternative = "two.sided"). P value adjustment with the Benjamini-5 8 1
Hochberg method was performed to correct for multiple testing using the R function p. Ten clusters were generated, with 100 iterative runs and Euclidean distance as distance transcripts was analyzed using the functions lmFit() and eBayes() from the limma R 5 9 1 package v3.34 [76] . If technical replicates were present for a given study, the induced 5 9 2 correlation was adjusted for using the duplicationCorrelation() function from limma. The resulting Bonferroni-adjusted p-values less than 0.05 were determined to be statistically 5 9 4 significant. We used Bonferroni instead of FDR given that we tested 10 regions instead of 5 9 5 the usual number of thousands of genes. analyzed. Figure S2 , CSRnc transcription is B cells-specific. Figure S3 , CSRnc 7 1 1 transcription pattern in whole blood is similar to peripheral blood sorted CD19 + B cells. precursors. Figure S9 , CSRnc and C H coding transcription in thymic lymphoid precursors. Additional file 2: Table S1 , Selected SRA projects used to map I H boundaries. CSRnc transcription analysis in cancer cell lines. Table S3 , Differential expression analysis The participants in this study did so voluntarily after written consent. The study was 
